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1
INSULATOR

FIELD OF THE INVENTION

The present disclosure relates to an insulator that has a
guide groove capable of guiding a winding to be wound.

BACKGROUND

A motor stator includes a core that 1s formed by laminat-
ing magnetic steel sheets etc., and an insulator that is
attached to this core. Japan Patent No. 4076837 B discloses
a conventional technology regarding an insulator.

A motor disclosed 1 Japan Patent No. 4076837 B
includes a plurality of teeth extended in an outer-diameter
direction from an annular yoke. A cylindrical insulator 1s
fitted and attached to each tooth.

A wind portion of the msulator where a winding can be
wound has a rectangular cross-section, and has a surface that
includes a first wind surface to a fourth wind surface. A
plurality of guide grooves capable of guiding a winding to
be wound 1s formed 1n the first wind surface to the third wind
surface so as to be continuous across the first wind surface
to the third wind surface. The guide grooves are extended in
parallel with each other, and are orthogonal to a direction in
which the 1sulator 1s fitted to the tooth. No guide groove 1s
formed 1n the fourth wind surface.
| Patent Document 1] Japan Patent No. 40763837 B

When the winding 1s to be wound around the wind portion
of the insulator by a winder, the winding that 1s drawn out
from the nozzle of the winder 1s wound linearly along the
guide grooves on the first to third wind surfaces.

In contrast, the winding 1s wound obliquely on the fourth
wind surface. Accordingly, the winding 1s wound so as to be
shifted to an adjacent row to the already-wound string of the
winding. Likewise, the winding 1s wound linearly on the first
to third wind surfaces, elongated obliquely on the fourth
wind surface, and 1s shifted to the adjacent row.

The winding that 1s drawn out from the nozzle 1s bent on
a boundary between the third wind surface and the fourth
wind surface, and on a boundary between the fourth wind
surface and the first wind surface. Hence, a load 1s applied
on the winding at such boundaries.

SUMMARY OF THE INVENTION

An objective of the present disclosure 1s to provide a
technology of reducing a load to be applied to a winding,
when the winding 1s wound around an insulator.

An 1nsulator according to a first embodiment of the
present disclosure includes a wind portion which covers at
least a tooth of a core for a motor stator, and around which
a winding 1s wound.

The wind portion 1ncludes: a plurality of wind surfaces;
and a plurality of guide portions which 1s intermittently
provided 1n the plurality of wind surfaces, and which 1s
capable of guiding the winding to be wound.

Each of the plurality of guide portion 1s provided at a
boundary between the adjoining wind surfaces, and includes
a plurality of guide grooves which 1s extended 1n a winding
direction of the winding and which 1s arranged side by side
in a radial direction of the motor stator.

The guide groove provided at an arbitrary boundary
among the boundaries 1s oflset 1n the radial direction relative
to the guide groove provided at the adjacent boundary at the
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opposite side to the winding direction with reference to an
orthogonal direction to the radial direction of the motor
stator.

Respective offset directions and offset amounts of the
guide grooves are consistent.

According to a second embodiment of the present disclo-
sure, preferably, the plurality of wind surface each includes:
an end face directed in a direction along a center line of the
motor stator; and a side face located adjacent to the end face
and directed m a circumierential direction of the motor
stator, and a width of the end face 1s narrower than a width
of the side face with reference to the orthogonal direction.

According to a third embodiment of the present disclo-
sure, preferably, when the plurality of guide grooves 1s
divided into a first groove provided in the end face and a
second groove provided in the side face, a dimension from
the boundary to a tip of the first groove 1s longer than a
dimension from the boundary to a tip of the second groove.

According to the above first embodiment, the winding
portion of the insulator includes the plurality of wind
surfaces, and the plurality of guide portions which 1s inter-
mittently provided in the plurality of wind surfaces, and
which 1s capable of gmiding the winding to be wound. Each
guide portion 1s provided at the boundary between the
adjacent wind surfaces. Moreover, each guide portion
includes the plurality of guide grooves which 1s extended 1n
the winding direction of the winding and which 1s arranged
side by side 1n the radial direction of the motor stator. That
1s, since the guide grooves are provided at both ends of each
guide surface, respectively, 1n each wind surface, the wind-
ing can be guided so as to be directed from the guide groove
at one end to the guide groove at another end.

The guide groove provided at an arbitrary boundary
among the plurality of boundaries 1s to be compared with the
guide groove provided at the adjacent boundary at the
opposite side to the winding direction. The arbitrary guid
groove 1s the guide groove at the end-point side of the
winding (an end-point groove below). The adjacent guide
groove 1s the guide groove at the start-point side of the
winding (a start-point groove below). The end-point groove
1s oilset relative to the start-point groove with reference to
the orthogonal direction to the radial direction of the motor
stator. Hence, the winding directed from the start-point
groove to the end-point groove 1s extended obliquely to the
orthogonal direction. The same 1s true of the adjacent guide
grooves 1n the other wind surfaces.

In respective wind surfaces, the direction of the oflset of
the end-point groove and the oflset amount thereof relative
to the start-point groove are consistent. That 1s, 1n each wind
surface, every time the winding 1s wound from the start-
point groove to the end-point groove, the winding 1s gradu-
ally bent 1n etther the outer-diameter direction or the inner-
diameter direction.

In comparison with a case in which the winding 1s bent 1n
only a surface among the plurality of wind surfaces, since
the winding 1s gradually bent, a load to be applied to the
winding can be reduced.

According to the above second embodiment of the present
disclosure, the plurality of wind surface each includes: the
end face directed in the direction along the center line of the
motor stator; and the side face located adjacent to the end
face and directed 1n a circumierential direction of the motor
stator. The width of the end face 1s narrower than the width
of the side face with reference to the orthogonal direction to
the radial direction of the motor stator. Hence, when the
winding wound around the end face 1s compared with the
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winding wound around the side face, the winding wound
around the side face has a smaller angle to the orthogonal
direction.

When the winding wound around the end face 1s com-
pared with the winding wound around the side face, the
intersection angle between the winding string at the first
stage wound around the side face and the winding string at
the second stage becomes small. When in general, the
winding strings that have a small itersection angle are laid
over, the winding string at the upper stage 1s likely to be
placed between the adjacent winding strings at the lower
stage. When the number of stages increases, the height of the
winding wound around the side face becomes lower than the
height of the winding wound around the end face. Conse-
quently, the space factor increases, and thus the thickness
dimension of the coil in the circumierential direction can be
reduced. Therefore, the motor stator can be downsized.

According to the above third embodiment of the present
disclosure, the plurality of guide grooves 1s divided into a
first groove provided 1n the end face and a second groove
provided 1n the side face. The dimension from the boundary
to the tip of the first groove 1s longer than the dimension
from the boundary to the tip of the second groove. Accord-
ingly, the winding at the end-face side which 1s extended
obliquely to the orthogonal direction can be surely held.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view 1llustrating a motor stator
according to an embodiment;

FI1G. 2 1s an exploded perspective view of the motor stator
illustrated 1n FIG. 1;

FIG. 3A 1s a cross-sectional view taken along a line 3a-3a
in FIG. 1, and FIG. 3B 1s a diagram as viewed along a line
3b;

FIG. 4 1s an exploded view of a first wind surface and a
second wind surface both 1 a wind portion illustrated 1n
FIG. 3A;

FIG. 5 1s a plan view of a part of a fourth wind surface;

FIG. 6 1s a diagram for describing a winding that 1s wound
around the first wind surface to the fourth wind surface;

FIG. 7A 1s a diagram for describing a winding that 1s
wound around the first wind surface to the fourth wind
surface according to a comparative example, and FIG. 7B 1s
a diagram for describing a winding that 1s wound around the
first wind surface to the fourth wind surface according to a
comparative example; and

FIG. 8A and FIG. 8B are diagrams for describing the
winding that 1s wound around the first wind surface at a first
stage and at a second stage, and, FIG. 8C and FIG. 8D are
diagrams for describing the winding that 1s wound around
the second wind surface at a first stage and at a second stage.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1l

Embodiments will be described below with reference to
the accompanying drawings. Note that, in the following
description, an mner-diameter direction, an outer-diameter
direction, a circumferential direction, and an axial direction
(a vertical direction) are defined with reference to a center
line C of a motor stator. A reference numeral to be given to
a component 1n the same shape will be omitted as appro-
priate.

With reference to FIG. 1 and FIG. 2, FIG. 1 1llustrates a
motor stator 10 according to an embodiment. This motor
stator 10 includes a core 11 formed by a large number of
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laminated magnetic steel sheets, a first insulator 20 that
covers the upper portion of this core 11, and a second
insulator 30 that covers the lower portion of the core 11, first
coils Ul, V1, and W1, second coils U2, V2, and W2, and
third coils U3, V3, and W3 that are provided between the
first insulator 20 and second insulator 30, and a first terminal
15 to a third terminal 17 that are attached to the first insulator
20.

With reference to FIG. 2, the core 11 includes an annular
yoke 12, and mine teeth 13 extended in the mmner-diameter
direction from the yoke 12. Each tip 13a of each tooth 13 has
a width that increases toward the inner-diameter direction.

The first insulator 20 includes a first annular member 21
capable of covering the upper portion of the yoke 12, nine
first wind portions 22 capable of covering respective upper
halves of the teeth 13, nine first elongated-wall portions 23
(extended portions) which are extended upwardly along the
axial direction of the first annular member 21 and which are
intermittently provided in the circumierential direction, and
nine short-wall portions 24 each provided between the
adjacent first elongated-wall portions 23 and having a
shorter dimension 1n the circumierential direction than that
of the first elongated-wall portion 23.

The second sulator 30 1ncludes a second annular mem-
ber 31 capable of covering the lower portion of the yoke 12,
nine second wind portions 32 capable of covering respective
lower halves of the teeth 13, and nine second wall portions
33 that are extended downwardly along the axial direction
from the second annular member 31.

A structure of a portion around which a winding 40 (see
FIG. 1) that forms the coil V3 1s wound 1n the first insulator
20 and 1n the second insulator 30 will be described below.
This description also describes a portion around which the
other coil 1s wound. A description on the wire connection of
the winding 40 will be omuitted.

With reference to FIG. 3A, the first wind portion 22 and
the second wind portion 32 form a wind portion 50 around
which the winding 40 (see FI1G. 1) 1s wound. The first wind
portion 22 and the second wind portion 32 each have a
U-shaped cross-sectional shape. A tip 22a of the first wind
portion 22 at the opening side and a tip 32a of the second
wind portion 32 at the opening side face with each other but
slightly apart from each other.

Note that in the embodiment, although the two wind
portions 22 and 32 are combined with each other, depending
on, for example, the shape of the core 11 (see FIG. 2), a
single wind portion that can be fitted on the tooth 13 may be
formed.

An upper surface 26 of the first wind portion 22 and a pair
of first right surface 27 and first lett surface 28 both extended
downwardly from the both ends of the upper surface 26,
respectively, are surfaces to be in contact with the winding
40. Likewise, a lower surface 36 of the second wind portion
32, and a pair of second right surface 37 and second left
surface 38 extended upwardly from both ends of the lower
surface 36, respectively, are surfaces to be in contact with
the winding 40.

In order to facilitate understanding, a surface that includes
the first right surface 27 and the second right surface 37 will
be defined as a first wind surface 51 (side face). Likewise,
the lower surface 36 will be defined as a second wind surface
52 (end face), a surface that includes the first left surface 28
and the second lett surface 38 will be defined as a third wind
surface 33 (side face), and the upper surface 26 will be
defined as a fourth wind surface 54 (end face). The first wind
surface 51 and the third wind surface 53 are directed
oppositely to each other in the circumierential direction. The
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second wind surface 52 1s directed downwardly. The fourth
wind surface 54 1s directed upwardly. The winding 40 1s
wound clockwise, 1.e., 1n the sequence from the first wind
surface 51 to the fourth wind surface 54.

With reference to an orthogonal direction that 1s orthogo-
nal to the radial direction, the second wind surface 52 has a
shorter width Wd1 (a dimension in the horizontal direction)
than a height Wd2 (a dimension 1n the vertical direction) of
the third wind surface 53.

The wind portion 50 1ncludes a first guide portion 60 to a
fourth guide portion 90 capable of guiding the winding 40 to
be wound.

With reference to FIG. 3B, the first guide portion 60 1s
provided 1n both surfaces that include a first boundary 61
between the fourth wind surface 54 and the first wind surface
51 adjacent to each other.

The second guide portion 70 to the fourth guide portion 90
also employ the same structure. The second guide portion 70
1s provided 1n both surfaces that include a second boundary
71 between the first wind surface 51 and the second wind
surface 52 adjacent to each other. The third guide portion 80
1s provided 1n both surfaces that include a third boundary 81
between the second wind surface 52 and the third wind
surface 53 adjacent to each other. The fourth guide portion
90 1s provided 1n both surfaces that include a fourth bound-
ary 91 between the third wind surface 53 and the fourth wind
surface 54 adjacent to each other.

FIG. 4 illustrates exploded fourth wind surface 54 and
first wind surface 51. The first guide portion 60 includes a
plurality of first guide grooves 62 which 1s extended in the
winding direction (see an arrow Wi) of the winding 40 and
which 1s arranged side by side at an equal pitch in the radial
direction.

With reference to FIG. 3B and FIG. 4, the first guide
groove 62 1s divided 1nto a first groove 63 provided 1n an end
portion 54a of the fourth wind surface 34 (end face), and a
second groove 64 provided in an end portion 51a of the first
wind surface 51 (side face). A dimension L1 from the first
boundary 61 to a tip 63a of the first groove 63 1s longer than
a dimension L2 from the first boundary 61 to a tip 64a of the
second groove 64.

With reference to FIG. 3A and FIG. 4, the second guide
groove 70 to the fourth guide groove 90 are also formed by
the grooves 1n the same shape as that of the first guide
groove 62. Respective lengths of the guide grooves facing
with each other 1n each surface 1in the winding direction 1s
consistent with each other. For example, in the fourth guide
groove 92, a dimension of a first groove 93 provided in the
fourth wind surface 54 1s L1. In the second guide groove 72,
a dimension of a second groove 94 provided 1n the first wing
surtace 51 1s L2. The descriptions for respective dimensions
of the other guide grooves are omitted.

FIG. § 1llustrates a part of the fourth wind surface 54 as
viewed from the top along the axial direction. The first guide
groove 62 1s oflset 1n the inner-diameter direction relative to
the fourth guide groove 92 located at the opposite side to the
winding direction (see an arrow Wi1) with reference to the
orthogonal direction (see a reference line B) to the inner-
diameter direction (see an arrow In). An oflset amount Vo 1s
/4 of a wire diameter D of the winding 40. That 1s, the first
guide groove 62 that becomes an end point of the winding
direction 1s oflset 1n the mner-diameter direction relative to
the second guide groove 72 that becomes a start point. The
guide grooves 1n the first wind surface 51 to the third wind
surface 33 employ the same structure. This will be described
in detail below.
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FIG. 6 1s an exemplarily exploded view of the first wind
surface 51 to the fourth wind surface 54. The first guide
portion 60 to the fourth gmide portion 90 can be considered
as being intermittently provided in the winding direction
(see the arrow Wi). A portion of the winding 40 wound
around the first wind surface 51 will be defined as a first
winding 41. A second winding 42 to a fourth winding 44 will
be likewise defined.

The second guide groove 72 1s oflset 1n the inner-diameter
direction relative to the first guide groove 62 located at the
opposite side to the winding direction. An oflset amount Vo
1s V4 of the wire diameter D of the winding 40 (see FIG. 5).
The third guide groove 82 1s offset in the inner-diameter
direction relative to the second guide groove 72 located at
the opposite side to the winding direction. An oflset amount
Vo 15 V4 of the wire diameter of the winding 40. The fourth
guide groove 92 1s oflset 1n the inner-diameter direction
relative to the thaird guide groove 82 located at the opposite
side to the winding direction. An oflset amount Vo 1s ¥4 of
the wire diameter of the winding 40.

As described above, the offset directions of the first guide
groove 62 to the fourth guide groove 92 are all in the
inner-diameter direction. Moreover, the respective oflset
amounts Vo of the first guide groove 62 to the fourth guide
groove 92 are consistent with each other, and are equal to V4
of the wire diameter D.

Next, advantageous eflects of this embodiment will be
described.

With reference to FIG. 5 and FIG. 6, the first guide groove
62 1s oflset in the inner-diameter direction relative to the
fourth guide groove 92 located at the opposite side to the
winding direction. Hence, the winding 40 that 1s directed
from the fourth guide groove 92 to the first guide groove 62
1s obliquely elongated in the inner-diameter direction side
relative to the orthogonal direction.

Similarly, the second guide groove 72 1s oflset in the
inner-diameter direction relative to the first guide groove 62
located at the opposite side to the winding direction. The
offset amount Vo2 1s substantially ¥4 of the wire diameter of
the winding 40. The third guide groove 82 1s oflset in the
inner-diameter direction relative to the second guide groove
72 located at the opposite side to the winding direction. The
oflset amount Vo3 is substantially /4 of the wire diameter of
the winding 40. The fourth guide groove 92 1s oflset 1n the
inner-diameter direction relative to the third guide groove 82
located at the opposite side to the winding direction. The
ollset amount Vo4 1s substantially ¥4 of the wire diameter of
the wmdmg 40.

That 1s, in each wind surface, every time the winding 40
1s wound from the guide groove which 1s a start point to the
guide groove which 1s an end point, the winding 40 1is
gradually directed in the inner-diameter direction. Each
offset amount 1s smaller than the wire diameter.

With reference to FIG. 7A, according to a comparative
example, at a first wind surface 101 to a third wind surface
103, a winding 105 1s wound linearly. Only 1n a fourth wind
surface 104, a guide groove 106 that becomes an end point
1s oflset relative to a guide groove 107 that becomes a start
point. An oflset amount Vo 1s equal to a wire diameter D.

With reference to FIG. 7B, according to the embodiment,
cach oflset amount Vo 1s smaller than a wire diameter D.
That 1s, since the winding 40 1s bent gradually in the
inner-diameter direction at each wind surtface, a load to be
applied to the winding 40 can be distributed.

Moreover, as described above, the gmde grooves are
intermittently provided in respective boundaries. In com-
parison with the guide grooves which are continuously
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provided across the entire four wind surfaces, manufacturing
costs for metal molds can be suppressed, and the produc-
tivity of the insulator can be improved.

With reference to FIG. 3A and FIG. 6, the width Wd1 of
the second wind surface 52 1s narrower than the width Wd2
of the first wind surface 51. Moreover, the respective oflset
amounts of the guide grooves are all Vo. Hence, an angle o
by the second winding 42 relative to a parallel line to the
reference line B 1s greater than an angle p by the first
winding 41.

FIG. 8A 1illustrates, among the first winding 41 that 1s
wound around the first wind surface 51, a first-stage winding,
41a and a second-stage winding 41b. FIG. 8B 1illustrates,
among the second winding 42 that 1s wound around the
second wind surface 52, a first-stage winding 42a and a
second-stage winding 42b5. An angle v at which the respec-
tive first windings 41a and 415 intersect 1s smaller than an
angle o6 at which the respective second windings 42a and 4256
intersect.

In general, when a winding that has a small intersection
angle 1s laminated, the winding string at the upper stage 1is
slightly embedded in adjoining strings of the winding at the
lower stage, thus being facilitated for placement. That 1s, the
winding string at the upper stage 1s embedded in adjoiming,
strings of the winding at the lower stage, and 1s placed so as
to be supported by the winding strings at the lower stage.
Hence, a height H1 (see FIG. 8C) of the first winding 41 that
1s wound around the first wind surface 51 becomes lower
than a height H2 of the winding 42 that 1s wound around the
second wind surface 52 (see FIG. 8D).

Consequently, the space factor increases, and since the
thickness of the coil V3 (see FIG. 1) in the circumierential
direction can be made shorter than the thickness 1n the axial
direction, the motor stator 10 can be downsized.

With reference to FIG. 3B and FIG. 4, the dimension [.1
from the first boundary 61 to the tip 63a of the first groove
63 is longer than the dimension L2 from the first boundary
61 to the tip 64a of the second gap 64.

With reference to FIG. 6, the angle o by the second
winding 42 1s greater than the angle (3 by the first winding,
41. This enables the winding 40 guided in the internal-
diameter direction at a further large angle to be surely held.

Note that although the dimension in which the single
portion of winding 40 matches the single guide groove in
this embodiment, a dimension in which, for example, the
plural portions of the winding 40 match the single guide
groove by increasing the width of such a groove may be
employed. Moreover, for an insulator that has the wind
portion extended 1n the outer-diameter direction, the struc-
ture of the wind portion 350 1s applicable. That 1s, the present
disclosure 1s not limited to the above-described embodiment
as long as the actions and advantageous etlects of the present
disclosure are achievable.

What 1s claimed 1s:

1. An msulator comprising a wind portion which covers at
least a tooth of a core for a motor stator, and around which
a winding 1s wound,

wherein the wind portion comprises: a plurality of wind

surfaces and a plurality of gmide portions, the plurality
of wind surfaces comprise: first and second end faces
and first and second side faces, each of the first and
second end faces being directed 1n a direction along a
center line of the motor stator and each of the first and
second side faces being located adjacent to and
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between the first and second end faces and being
directed 1n a circumiferential direction of the motor
stator; each of the plurality of guide portions 1s capable
of guiding the winding to be wound and 1s provided
between adjacent wind surfaces such that adjacent
guide portions are spaced apart from one another by an
intervemng wind surface,

wherein each of the plurality of guide portions 1s provided

at a boundary between one of the first and second end
faces and an adjacent one of the first and second side
faces, and comprises a plurality of guide grooves which
extend 1n a winding direction of the winding and which
are arranged side by side in a radial direction of the
moftor stator,

wherein the guide groove provided at an arbitrary bound-

ary among the boundaries 1s oflset in the radial direc-
tion relative to the guide groove provided at an adjacent
boundary at an opposite side to the winding direction
with reference to a direction orthogonal to the radial
direction of the motor stator, and

wherein respective oflset directions and oflset amounts of

the guide grooves are consistent between guide por-
tions provided at adjacent boundaries.

2. The msulator according to claim 1, wherein:

a width of the end face 1s narrower than a width of the side

face with reference to the orthogonal direction.

3. An msulator comprising a wind portion which covers at
least a tooth of a core for a motor stator, and around which
a winding 1s wound,

wherein the wind portion comprises: a plurality of wind

surfaces; and a plurality of guide portions which 1s
intermittently provided in the plurality of wind sur-
faces, and which 1s capable of guiding the winding to
be wound,

wherein each of the plurality of guide portions 1s provided

at a boundary between the adjoining wind surfaces, and
comprises a plurality of guide grooves which 1s
extended 1n a winding direction of the winding and
which 1s arranged side by side in a radial direction of
the motor stator,

wherein the guide groove provided at an arbitrary bound-

ary among the boundaries 1s oflset in the radial direc-
tion relative to the guide groove provided at the adja-
cent boundary at the opposite side to the winding
direction with reference to an orthogonal direction to
the radial direction of the motor stator,

wherein respective oflset directions and oflset amounts of

the guide grooves are consistent, and

wherein when the plurality of guide grooves 1s divided

into a first groove provided 1n the end face and a second
groove provided 1n the side face, a dimension from the
boundary to a tip of the first groove 1s longer than a
dimension from the boundary to a tip of the second
groove.

4. The sulator according to claim 3, wherein:

the plurality of wind surface each comprises: an end face

directed in a direction along a center line of the motor
stator; and a side face located adjacent to the end face
and directed 1n a circumierential direction of the motor
stator; and

a width of the end face 1s narrower than a width of the side

face with reference to the orthogonal direction.
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